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NOVEL OLIGONUCLFIVI IDH: PK1M£RS FOR PBOSPHOTIDYL INOSITOL IN 
BALILLV:^ CBREUS AND A MET0OP FOK THE DETECTION OF RiCILLUS 
CEKKIIS 

Fielil uf ibe iiiventioa 

The present invention relatee to a novel oUgpmicleoticie primer for phosphoiidvl 
inositol in Bacillus cerevs. The. prasent invention also relates to to a lucUiud for the detection 
of Bacilfus cfireiis tn food. 
Background of the luveniiou 

Aiiioiig the predominantly oooumnft food borne pathogenic b?intfiria, Racillus ceretes, 
an opportunistic pathogen has been found to oc-^Jir abundantly in Indian foods and dsu cause 
illnesses like diarrbofta and/or emesis (Rakh ec al. 19S8). Tlic illness has been attributed to the 
presence of enierotoxins aad other tu^iu:^ including haemolysina elaborated by strains of J5. 
cereus, Convtsutioually^ A cer^us h dctccsted by its ability to grow on selective plating media 
containing egg yolk and inability to utilize mannitol The isolates are fixrther identified by 
morphological, cultural and biochemical rhnracteristics. (Duguid, 1996), 

Advances made in detection methods have led lo the use of polyxncnose chain reaction 
(PCR) for the specific deLccliun uf B, cerewj. PCR protocols have been developed for the 
deiticiiuu of B, ccreuis group of bueteria in pure culture systems and lihod samples using 
spcoijfic sets of primers. 

Reference is made to the work of Schrafts and GrifRths (1995), wherein primcrg for 
the cexenlysin AB gene (M 24 W9) of A ctireiii was designed. The detection limit for B. 
ceretis by FCR in aitificially contaminated milk samples was 103 CFir/ml without 
enricluiicxU uf Uie milk. 

Reference is made to the works of Agata el: al ((995) and Mantynen ajid Undstrom 
(1998), wherein primers for the BoeT gene was desiRued aiid used to study the distribution of 
thft toxin gene in clinical and food isulattjs of ctreus. Only qualitative observations were 
made o» this woik and no quantification has been reported. It was also postislated that the 
BceT jgciie cduld not be rarijctod to assess the enterotoxic potential of h, cereus strains. 

Reference is made to the work of Wang et al. (1997), wherein a uiuvcisal protocol for 
PCR detection of n number of food borne pattioj^cnic bacteria was devised using haemolysin 
as the Target gene. Dereciiuju of toxin producing attains of A cereus was accomplishert using 
these priuACJi». following overnight enrichment of various food samples in a laboratory growth 
medium, Thia work provides only qualitative intbrmation and quantification was uot 
addressed. 
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Reference is made to the work of Hsieh et al. (1999), wlicxciu oligonucleotide prixners 
were designed tot sphingotnyeUaase gene aiid usisd for the PGR based detection of strains of 
cerem group in food samplca, These jeriiners can dotcot lOO celWgram of the tbnd Ratnple 
only afte]' m\ ciuichjiiciit step for 8 hours indicating poor sensitivity 

Reference io made to the work of Yamada et al (.1999) disclosinK spiked boiled rice 
saniple with varying cell concemraxions of B, ctrrtfw^*. The rice sample was enriched in 
nutrient brctii tor different rime imervals. Nu aiuplification wa$ observed with non-enriclied 
food samples with ei Sy'"«5c D specijfic pfimera, even when the initial npsll number was lA x 
lO"^ CFU of 2?. cei-eus per grom of hailed me. Detectim ol'lnw numbers of 5, cerms by ?CR 
was possible only after 15 hours enricbment in nutrient broth. 

Reference is made to the work of Tseri ct at. (2000), wherein primers were designed 
lor ]6k ribosomal RNA (Ribo Nuulbic Acid) and used for PCR-baeed quantification of B. 
cerms spiktul in food samples. Target eella ranging from 1 to 9 CKlJ/g of food sample could 
be delected only after S hours enrichment in brain heart, infusion broth supplemented with 
glucose. 

In Gertnan Patents DE 19915141 and DE 1991514 the sequences refer to 16s 
ribosomal RNA (Ribu Nucleic Acid) and gyrasc B specific primers used for the detection of 
BaciUmcereua, 

Reference is made to the work of Schrfl.fi'.R and Griffiths (1995) and Herman et al 
(1995), wherein a method for the isolation of larMCft DNA from milk samples was devised- 
This method was elaborate coxnprisiuj^ multitude of steps using combination of ewzymes, 
detergents and uuluum chromatography. The method also sutt'exed trom lack of sensitivity 
and could only detect 10^ CFU/mlA c^eus by PGR using. prirci.ers for cereolysin AB >?cnc. 

Reference is made to the work of Yamada et al, (1999), whci.eia a protocol for the 
detection of cer&as from boiled rice was dehcabed. The method included pre-enrichment 
sftep^ two steps of filtration, followed by boiling, of the samples prior to use in PCK. It was 
reported that ai zao hour, a moderately high count of 2,4 x 10"* {.;fi J nf B. cerem per giani of 
boiled jice failed to yield any PCR amplified product. .1 .ow numbers of ciE^rew could only 
be detected oflier 15 hours of enrichm^^nt 

The drawback of all these methods have been non-apccifio detection of target 
organism i.e. 5. cereus, lack of i^sproducibility, failure to detect all the isolates of cereus In 
a food system and kcK of sensitiveness to detect low numbers of target organism* Besides, 
the methods arc eumbeorsome and procedures are lengthy. The problem of fvniuition of spores 
by & cereus group of organisms makes detection by PGR a difficult proposition. In most of 
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the methods a step of enrichment in a suitable laboratory mhuwLIi medium is included which 
may take 8 to 15 hours of incubalioii fuv builduig up of cell numbers which can result in 
target DNA fur ukc hi PGR detection. 
Qbjccis of the inventiion 

The main object of the present invention is to provide an improved method for the 
detection ofHacillus cereus in foods which obviates the drawbacks detailed above. 

Another object of the prcfscut invention is to use a primer designed for a conserved 
rej^iuu uf a specific gene in the target organism. 

Still another object of the present invention is to use the designed primer in deteclitjig 
isolates which belong to B. cermx group. 

Yet another object of the present iuveution is to detect cerms in food systems 
directly by FCR. 

Still another object of the present invention is to use a simple and effective method fui 
the proparacioxx of template DNA (Deoxyribo Nucleic Acid) of the organism diicuUy bom the 
foods. 

Yet another object of the present iuvcntion is to use PCR conditions specific for the 
detection uf latget gene in the organism. 

Still another object of the present invention is to detect, very low numbtas of target 
organism m the food eystems. 
Summary of the Invention 

Accordingly, the present invcutioa provides a novel oligonucleotide primer tor 
phosphulidy I inositol in B^cereus said primer comprising 

PI - 1 (F) 5' AGTATGOGGAATGAG 3' 

PI - ^ OR) 5' AC AATxrrc u :t :accjA r 

The present invention also relates lu ntelhod for the detection of B. cereus in foods 
said method coraprisinM usiiig primers specific for phosphotidyl inositol gene in B cereus in 
a ini;Led microflora, said primers compri&ixig 

PI - 1 (F) 5' AGTATGGGGAATGAG 3 ' 

PI - 2 (R) 5^ AC^A'n I rCCCACGA 3\ 

In onjft embodiment of the invention, ihts food matrices for detecting B. cereus in milk 
and cooked rice. 

In anulhcr embodiment of the iitveittion, template 13jSj A from cereus in cooked rice 
is extracted using Triton X-100^ 0.5 - 2%, boding at 96 - lOCTC for 3 - 8 iimx and treatment 
wrth phenol : chlomform in the ratio of 22 : 21 - 2B . 27. 
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la another ernhndiment of the inventionu ihe template DNA £wm cereu^s in milk is 
extnacted using diethyl ether : chlorufonn m ihe ratio of 1:1 - 1 ; 3, \irca 1.5 3.5 M and 
sodium dodtJcyl sulphate in a rajsge of 0.5 - 2%. 

Itt a fiirther embodiment of the invention, the PCR reaction mixture in a Total volume 
of 25 Ml comprises of Tris HCl: 8 - 12 mM; KCl: 45 - SS roM: MgCla: 0.5 - 3.0 IIIM; gelatin: 
0,005 0.02%; individual deoxynucleoside triphosphates: 150 - 300 jjM; each speciHu 
primer: 30 60 picotnole&; Taq DNA polymerase: n S - 2 (3 tmits and template DNA: l-3\xl 

In another erobodiinent of the invention, detection of B. ccreus is effected by 
amplification profile of target gene from an initial denaiuiaiion at 90 - 98°C for 2 - 8 rain, 
ampliflcaiion cycles uf 28 - 40, each cycle with a dcnaturation at 90 - 9S^C for 40 - 7f) 
secauds, lumcalixijg at 46 - 54°C for 40 - 80 seconds and an extension at 68 - 76"C for 4S - 75 
seconds and final extension at 68 - 76**C for 4-1.2 mm 

In another embodiment of the invention, analysis of ihc PCR product is done in 1.2 - 

1 H% agarose gel electrophoresis, viaualizaliun of the PCR product by staining with 0.5 (g/ml 
ethidiiim bromide and observation ia a UY tranaiilunMnalQr. 

In yex another einbodimeni of the invention, detection of minimum number of cells of 
cer^m is done in a food matris: by PCR. 
Detailed description of the invention 

The present invention relates to an imeroved PCR method fux the detection of 
cereus in foods. The PCR method usinn Uie pruncrs of the invention detects 1 to 106 cells of 
B. oerem directly in foods. Polymerase chain reaction method ie used to selectively ampliiy 
phosphotidyl inositol gene in cereiis. Milk and cooked rice samples were Spiked witii 
Vitrying cell numbers of & ceretts rangng from I to 1,000,000. Frorocols for c?tli<iciion of 
template DNA from H. cereus presoat in food matri?c were sicindaidizcd using detergents and 
organic solvents. The PCR iciieUun mixture and amplification conditions were optimized for 
die spccilic amplification. Visualization of PCR products revealed that by the method 
followed, it is possible to detect cell numbers ranawJg.frnm I to 1,000,000 in milk and cooked 
rice samples. 

The prmxesTf^ of the invemion directly detect BacilJm cereus in food systems by PCR. 
This method can detect all the sltmus of Z?. cereus. The method is rapid and sensitive makmg 
it puNbible to detect even 1 cell in a food matrix overcoming any steps of enrichment. 

The following examples are ^ven by way of illustratrons of the present invention and 
therefore diould not he constniRd to limit the scope if the present Invenliuu. 
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EXAMPLE ^1 

Oligoaucleotide primers fbr phosphmidyl iwu2»hol geiie of cereiis were designed 
baijed uw tjjic geiie sequence (M 30809) using the software programme Primer 3.0 This primer 
set amplifies a 342 base pair (bp) jBragment of the genC;. the sequence of which i<i given below. 
Sterilization of iiiedift and other sohitioTJs achieved by autoclavmg for 20 vm at ni'^C, 
PI - 1 (H) b ACt f ATGGGGAATGAG 3^ 
PI - 2 (R) y ACAATTTTCCCACGA 3^ 

AliiiuoLs in 100 ixl of a native food isolate of iS. careus was inoculated into sterile 10 
uxl biain heart in&tision (BEH) broth and incubated for 1 8 h at 37"^C in a shaker inoiibator with 
140 rpm. Cells were harvested by centrifligation at lO/KK) rpm for 10 min at 4*'C. The cells 
were suspended in 10 ml sterile 0 R5% saline to get a cell tiuncealuuon of 10^ colony 
forming units per mMUlltre (CFU/ml). From iliis stock, serial dilutions in 9 ml sterile 0,85% 
saline were cmried out to ochicrvacell conocntrojSana. ranging. from lo' to 10^ CHJ/ml. The 
individual dilutions were used for spiking into miJJk samples!. 

Twenty tnillilitrefi of pasteurized milk wais Uken in a sterile screw capped tube of 25 x 
125 mm dimension, steamed for 30 min in a cooker without any pressure and cooled to 30°C. 
In individual 1.5 ml sterile microcenlrifuisc Lube, 0.4 inl of the cooled milk sample was miKed 
with 0.4 nil uf 0.85% saline suspension of cerctis to attain a final cell concentration 
ranging from of 10^ 10\ 10^ IQV 1Q^. IQ* and lO^.CEU/ral, To. each tubft W85 added 0.25 ml 
each of diethyl ether and chloroform were added to the samoles and voriexed for 30 swunds. 
The samplers were centrifuged at 10^000 rpm fbr 15 min at ZS'^C. The aqueous phase was 
transferred to a firesh L5 ail sterile mioroocntrifuge tube and 0.5 ml of 6M urea and 0,1 ml of 
KfiA budiuAn dodecyl sulphate ware added. The sanaples were incubated at 37"C tor 21) min 
and then ccritriftiged 10,000 rpm for 15 min at 25^C. The &upernai>int wa& discarded and 0.1 
ml of 0.2N NaOH was added to the sanapleJi and incubated at 37X for 10 mia, DNA was 
precipitated by adding 1.0 ml of chilled absolute ethanol mii OA ml of 3M sodium acetate 
(pH 4.8) and holding Ihe samples at -ZO^C for 2 h. Samples were centrijaiged at 10,000 rpm 
foi 15 aiiii at 4X, The supcmatant waa discarded and excess salt in the DNA preparation was 
removed by adding 1.0 ml of chilled 70% ethanol and cftntrifiiging the samples at I0.,000 rpiu 
for 15 min at 4"^^ The supexuatant. was discarded and the DNA pellet was aii-diied mid 
reftiispended in 15 (1 of Sterile ulirafiltered walci- 

Ampliflcation was perfonned in u total reaction volume of 25 [jI which contained 2 ^tl 
of the DNA picpiuatiou from nailk samples. The reaction ini>cture consisted of IX PCR. buffer 
(lOnTM Tris IICI, pH 9.0, 50 mM KCl, 1-5 mM M^U, O.0l% gelatin), 200 pM of each 
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deoxynucleogide triphosphate, picomoJes of each primer md 1.0 uwit of Taq DNA 
polymer^ise template DNAS were iniiially deimLui ed at 94''C for 5 miiL Subsequently:, a total 
of 35 amplifSoaiion uydes were Qarried out in a programmable thermocycler. F.ach cycle 
coiwihted of dcnaturation for 1 min at 94*^0, primer annealing for 1 rain ai 50*^0 md 
extcasion for 1 nun at 72*^C, The last cycle was followed by a final extension at 72^C for 8 
min, 

PC.R products were analysed by agarose gel electrophoresis. Aliquots of 10 lal PGR 
products were mixed wixh 2.0 \d uf loading dye and loaded onto 1.5% agarose gel aud 
faihjected to electrophoresis foi 2 k at 120 volts in IX TAE buffer. Gel was stained with 
ethidinm bromide (0.5 p-g/ml), de-staincd with distilled water and examined on a TJTV 
transilluwunatoi. A 100 bp ladder was used as molecular fiiise marioer, fhe amplification 
profile in the gel was documented in a CCD-casnera. based Gel Documentation Systcui. 

The specitlc amplicons nf .^42 hp for phosEthotidyl inositol were observed when PCR 
was performed with milk samples contaiiduK >5. cer^K^ cells ranging from 1 to 1,000,000. 
EXAMPUE - n 

Oligonuolcotide primers for phosphotidy} inositol gene of Ji. cereus were designed 
based on the gene sequence (M 30809) using the software programme Priiucx 3.0 Thi$ primer 
set amplifies a 342 base pair (bp) firagmem of the gene^ the sequence of which is given below. 
Stenjizatinn of media and other soludoiw was achieved by autodoving for 30 min at 121°C. 

PI - 1 (F) 5^ AGT ATGGGG AATGAG 3 ' 

PI - 2 (R) 5* ACAATTTTCCCACGA 3^ 

Aliquots in 100 \j\ of a native food isolate of B. cereus was inoculattsd into sterile 10 
ml broin heart infusion (BHI) broth and incubated for 18 h at 37**C in a sjhaKer incubator with 
140 jcpm. Ce\h were harv^ested by cemriftigatioii at 10,000 ipm for 10 min at ^"^C, The cells 
were suspended in 10 ml sterib 0.85% salix^c to gc: a coll concentration of 10^ colony 
fonninv; units pei* niilUUtre (CFU/ml). From thie stock, serial dilutions in V ml sterile 0.85% 
«dliue were carried oxit to achieve cell concentcatiaaa ranging from 10* to 10^ CFU/nil. The 
individual dilutions were userl tor spiking into cooked rioe samples, 

Raw rice in 1 OQO g quantity was takeii, cleaned and washed with running tap water. 
Cleaned rtce was mixed with water in 1 ; 2 proportion, tafeen in a stainless steel container and 
steam cuuked in a pressure cooker for 20 min. Cooked rice in 100 g aliquots were taken in 
individual atcrilc 500 ml gla&B beakers and was spiked with l.O ml saline suspcuyion of B. 
cereus to get a cell concentration of tQ^ CFU/g.and iniXfid maifijxudy. 
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Spiked cookeH riae samples in 11 g aliauots wm thcu added to 99 ml $tcriie 0.85% 
Siilme taken in a 250 ml conical flask, uu?i.ed well and serial dilutions were prepared m sterile 
0,83% saline tu ^ci individual celL coucxiintratiDn^. q^ .IQ^ 10^^. 10% 10% 10% 10^ and 10^ 
CFU/g. Aliquots of 1 toI of diluted samples were transferred to a 1.5 uul sterile 
microcentrifuge tubes- The samples were centrifugcd at 10,000 ipm fun 5 niin at 4*^C. The 
pellet was wjffthftd thnce with LO ml phosphate bufibjied saline of pH 7,4 and once with 1.0 
ml f?terile ultrafiher water by uenlrifuHiiLioji at 10,000 rptn for 5 min at and discarding the 
washes. The pellul was resuspcnded in a naixture containing 50 \xl sterile ultratUtfir water and 
450 ul sterile 1% Triton X-100. The samples were iticubated in boiling water for 5 mn. 0.5 
ml plienol : chlorofonn (25 : 24) was added to the san^le^ vorte^ced briefly and centrtfiiged ai 
J 0^000 rpm for IS min at 4°C. The aqueous phase wai; transferred to a ficMh 1.5 nil sterile 
microcentrifuge tube and 0 is ml cMorofoxm was added to the sample. The samples were 
centrifiiged at 10,000 xpm fui 15 uiin at 4^C and the aqucotjs pha&e wae transferred to a trftsih 
LS ml sterile raiujoeenuifugc tube. DNA was precipitated by adding 1.0 ml chilled absolute 
ethanol and 0 J ml of 3M sodium acetate (pH 4.8) and inrjihating the samples at -20*^0 fur 2 
h. The samples were centrifuged at 10,000 rpm for 15 min at 4**C. E?s;cess sali in the PNA 
pellet was removftd hy adding 1.0 ml chilled 70% cLhanol and centrifiiging the samples at 
10/1(10 rpm for 15 min at 4*'C> The iupeiuaiaiit was discarded. The DNA pellet was air dried 
and dissolved in 15 p-l of sterile ultrafilter water. 

Amplifigalion was performed in a total reaction volume of 25 (.d containing 2 ill of the 
PNA piepaiation from milk samples. The reaction mixture consiftt^rl of tX PCR buffer 
(lOmM Tris HCl, pH 9.0, 50 mM KCl, L5 mM Mfif :ia, (J,Ui% gelatin), 200 ixM of each 
deoxynuclcoside triphosphate, 50 picomoles of each primer and 1.0 unit of Taq DNA 
polymerase, Templatfi J>NAs were initially, denatured al 94''C for 5 min. Subsoqucmly, a total 
of IS amplification cycles were carried out in a programmable thermocycler. Each cycle 
consisted of denaluxation for ) min at 94*^Cj, primer annealing for 1 min at iO*C aad 
exiensiuij for 1 min at 72*"^ The lost cycle was followed by a final extension at 72X for 8 
min, 

PCR products were analysed by ajjarose gel electruphcncsis. Aliquots of 10 [d PCR 
products were mixed with 2 0 \i\ of loading dye and loaded unto 1.5% agarose gel and 
subjected to electrophnresis for 2 h at 120 volts* in IX TAE buffer. Gel was stained with 
fithidtum bromide (0.5 (jj/ml), dcstaincd with diatillod water and examined on a UV 
transilluminator: A 100 bp ladder was used as ntxolecular si^ft marker. The ampHflcatiou 
profile itii the gel was documented in a CCD-cannera based Gel DocumciUation System. 
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The specific amplicons of 342 bp for ehosphotidyl iuusiLul were observed when PCR 
was pcrfonned with cooked rictf saiiiplcij containing cereus ccUs ranging from 1 to 
1,000,000. 

Th€ main advantages of the preset inventjon are: 
1. The designed phosphotidy] tnnflitnl primers n specific for the detection of 5, c't?/'<?w5. 
2 in a mixed microflora, the designed primer set spcuifiuiUy detcc?t5 cenus with no cross 
reactivity, 

3. A sinapie and effective protocol for e^Ktraction of texngiate DNA for B, cerp.m pnftsent in a 
varied food matrix. 

4. Standardized PCB conditions for the detection of B. cereus prestJiil iu uulk and cooked 
nee. 

5. A rapid and sensitive PCR. method which con detect even 1 cell of cereus in food 
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